RV UMa is one of the RRab stars showing regular large amplitude light curve modulation. Extended photoelectric observations of RV UMa obtained at the Konkoly Observatory were published by Kanyó (1976) . The analysis of the data was published by Kovács (1995). After detecting an error in the reduction procedure of the published Konkoly data, corrected photometric data are presented with additional, previously unpublished measurements.
Introduction
Most RR Lyrae stars repeat their light curve with remarkable regularity. A group of them (about 20 − 30% of the known galactic RRab stars), however, shows cyclic modulation in the shape and amplitude of their light curves over tens to thousands of pulsation cycles (Smith 1981 (Smith , 1995 Szeidl 1988) . Although the effect (called Blazhko effect) has been known for one hundred years, it lacks widely accepted theoretical understanding. The explanation of this phenomenon is a great challenge for the theory and it would undeniably be extremely important for understanding the nature of the pulsation of these stars. Although several ideas have been put forward to explain the modulation behavior e.g., by Dziembowski & Mizerski (2004) ; Shibahashi (2000) ; Stothers (2006) , none of them can be reconciled with most of the observational facts. At present we can only say that neither the physical nor the exact mathematical model of the Blazhko modulation is known. Kovács (1995) writes that "long-term accurate photometry is needed to establish a mathematical model of the modulation of the light variation, which is a prerequisite of the construction of a physical model". In the frequency spectrum of Blazhko stars the triplet structure around the pulsation frequency and its harmonics is a typical feature. From a theoretical point of view it is an important question whether the frequency structure is indeed a triplet structure, or whether the noise of observations and/or the unsatisfactory data sampling make the finer (e.g. quintuplet) structure unobservable, as triplet (doublet) is the preferred structure in the resonance models, quintuplet in the magnetic models. Kovács (1995) attempted to construct a mathematical model for the light variation of RV Ursae Majoris, perhaps the most regular Blazhko RRab star, using only a part (seven years) of the Konkoly observations. However, it turned out that the published data he used were erroneous (Hurta 2007) .
Among the modulated RRab stars, RV UMa has the longest, homogeneous photoelectric observations suitable for constructing a mathematical model. The three-color (UBV ) photometry of the star was started at the Konkoly Observatory in 1958 and spanned over 17 years. In this paper we discuss the corrected and extended Konkoly photometry supplemented with the observations of Preston & Spinrad (1967) , and new important results are given. In Section 3, we give an improved mathematical model of the modulation. Through the study of all published photometric data we also investigate the relation between the changes of the pulsation and modulation periods in Section 5.
Observations
The published Konkoly photoelectric observations of RV UMa, which were erroneously transformed into the standard system, have been corrected and previously unpublished observations between the years 1959 and 1975 have been added (Hurta 2007) . The new photometry differs from the data used by Kovács (1995) by 0.00 − 0.13 mag, the differences are not constant, so the amplitudes of the light curve in Kovács' discussion are also in error. The photometric accuracy of the individual B and V magnitudes are estimated to be 0.02 − 0.03 mag. The complete, corrected photoelectric UBV observations obtained at the Konkoly Observatory are available at http://www.konkoly.hu/24/publications/rvuma.
As the corrections of the data affect the results published by Kovács (1995) , we reanalyze the entire, corrected Konkoly B, V photoelectric data sets, supplemented with Preston & Spinrad's (1967) (hereafter P&S) observations. The latter observations show an extremely large amplitude of the pulsation on JD 2,436,733 which has never been detected at any other epoch. Therefore, these data points were omitted from the analysis. Table 1 lists the log of observations used in the present analysis.
Although there were no simultaneous Konkoly and P&S measurements consecutive pulsation maxima were observed at the two sites on JD 2,436,724. Taking into account the regularity and the relatively long modulation period of RV UMa the amplitude of consecutive pulsation cycles can change only marginally. Maximum lights observed at 2,436,724.363 (Konkoly) and at 2,436,724.835 (Berkeley) are identical within 0.01 mag, and 0.02 mag in V and B bands, respectively, indicating that there is no significant discrepancy between the color systems of the corrected Konkoly and the P&S data. The published (Kanyo, 1976) maximum brightnesses for this night were, however, 0.1 mag and 0.05 mag brighter in V and B than the P&S data.
In Section 5, the long-term changes of the pulsation and modulation properties of RV UMa are discussed using observations spanning over 90 years that were collected and homogenized by Hurta (2007) .
Light curve analysis of RV UMa
The aim of the present analysis is to check how accurately the light curve of a Blazhko star showing large amplitude modulation can be modeled with the generally accepted triplet frequency solution. This mathematical model of the light curve involves only 2 independent frequency components, namely the fundamental mode pulsation frequency f 0 , and the modulation frequency f m . All the other frequencies are linear combinations of these frequencies and can be given as a series of kf 0 ± jf m , k = 0...n, j = 0, 1 frequencies. The available extended photometric observations of large modulation amplitude Blazhko stars e.g., RR Lyrae (Smith et al. 2003) , AH Cam (Smith et al. 1994) , XZ Cyg (LaCluyzé et al. 2004) show, besides the modulation, some kind of irregular behavior as well, caused by long-term cyclic changes and/or the multiperiodicity of the modulation. The light curve changes of RV UMa are, however, very stable, giving a unique opportunity to check the validity of modeling the light curve by equidistant triplet frequency series.
The photoelectric observations utilized cover 17 years. During this interval small but non-negligible period changes both in the pulsation and the modulation periods occurred as the O − C plots and direct period determinations indicate (Hurta 2007) . These period changes may affect the results of the analysis as they may lead to the appearance of spurious signals. Therefore data analysis is performed not only on the whole data set but also on its most densely sampled section (between JD 2,436,647-2,437,463, data from 1959 (between JD 2,436,647-2,437,463, data from -1961 . Results are presented for the entire B and V data sets (B1, V 1), and their subsamples (B2, V 2), separately.
1 In Table 2 the time interval and number of data points for the 4 data sets are summarized. The frequencies and their amplitudes and phases have been determined using the facilities of the program package MUFRAN (Kolláth 1990 ) and a linear combination fitting program developed byÁdám Sódor.
The data analysis concentrates on the residual spectra after the removal of the supposed equidistant triplet frequencies. It is found that the residual spectra show signals above the noise level at kf 0 −2f m frequencies. As an example, the residual spectrum of the V 2 data set is shown in Figure 1 . The highest peak in this spectrum is at 2f 0 − 2f m frequency. The three highest amplitude signals in Figure 1 (disregarding the ±1 cycle day −1 alias components) have 6.2, 5.5 and 4.6 S/N ratio according to the definition given in Alcock et al. (2000, Eq. 1) . The detected positions of the f 0 − 2f m , 2f 0 − 2f m and 3f 0 − 2f m frequencies in this spectrum are very close to the exact quintuplet positions with −0.000004, −0.00002 and 0.00007 cycle day −1 separations. According to Monte Carlo simulations, the by chance appearance of 3 frequency components with similar S/N ratio in such a close vicinity of the exact quintuplet positions has practically zero probability.
In order to prove the reality of the appearance of the kf 0 ± 2f m frequencies, we have performed a comprehensive analysis of the B1, V 1, B2, V 2 data sets. The determination of the f 0 and f m frequencies and the prewhitening follow three different procedures.
a) The f 0 , f m frequencies are defined as the frequencies that give the best light curve solution with the smallest rms residual. This solution takes into account altogether 36 fre-quencies simultaneously (pulsation components up to the 13th order, modulation ± side components up to the 11th order and the modulation frequency f m ). The data sets are prewhitened in one step with all the pulsation and equidistant modulation frequency components.
b) The pulsation and modulation frequencies are determined separately. The pulsation frequency is defined as the frequency which gives the smallest rms of the folded, modulated light curve. The modulation frequency is derived twofold, first as the frequency which fits the maximum brightness variation the best, secondly, modulation frequency components are searched in the prewhitened spectrum, and the mean value of their separation from the pulsation components is accepted as f m . These two methods, however, give the same values for f m within the error ranges. The data sets are prewhitened in consecutive steps, first the pulsation frequency and its harmonics, then the equidistant modulation components are removed.
c) The frequencies used in this procedure are the same as in case b), but the data are prewhitened with the pulsation and modulation triplet frequencies in one step.
The f m , f 0 frequencies determined for the B1, V 1, B2 and V 2 data sets according to methods a) and b) are listed in Table 2 . In method a) the errors of the f 0 and f m frequencies correspond to 10% and 5% increase of the residual scatter in the V 1, B1 and V 2, B2 data sets prewhitened with the triplet frequency solution, respectively. (As an example, Figure  2 shows the residual scatter of the V 2 data set in the f m , f 0 plane.) In method b) the errors of the modulation frequencies are the 1σ error of the sine wave fit to the maximum brightness data, while the errors of the pulsation frequency of the V 1, B1 and B2, V 2 data sets correspond to 0.025 and 0.010 phase shifts in the pulsation period during the time span of the observations. These error ranges were also checked visually as showing already noticeable differences in the folded light curves: especially the disintegration of the fix point on the rising branch warns if we are out of the possible range of the pulsation period. The less strict error estimate of the B1 and V 1 data sets takes into account that these data span over 17 years, and period changes had also a non-negligible effect on the residual scatters and phase incoherency during this time.
It has also been tested how accurately the positions of the kf 0 ± f m modulation frequencies are indeed equidistantly separated from the pulsation frequency components. Light curve solutions were calculated similarly as in case a), but the modulation frequency f m was not fixed, the frequencies of the modulation components were 'let free' around their exact equidistant positions. The detected positions of the modulation components in these solutions deviated by < δf m >= 0.000019, 0.000003, −0.000004, 0.000003 cycle day −1 (error weighted means of the displacements of the frequencies of the kf 0 ± f m ; k = 1...9 modulation components) from the exact equidistant positions for the V 1, B1, V 2, B2 data sets, respectively. The displacements of the individual modulation components are within the ranges of −0.00023, +0.00037 cycle day −1 and −0.00030, +0.00018 cycle day −1 for the B2 and V 2 data sets. The reality of the larger displacement of some of the modulation components is, however, questionable as none of the frequencies is simultaneously significantly shifted both in the B and V data.
Figures 3-6 show the residual spectra in the vicinity of the pulsation components for the V 1, B1, V 2, B2 data sets, respectively. The top panels are the spectral windows. The next panels display the residual spectra in the vicinity of the f 0 , 2f 0 and 3f 0 frequencies. For the sake of clarity the separation of the tick marks on the frequency axes equals f m in all the figures. The residual spectra shown in the left, middle and right panels are calculated following the methods a, b and c, respectively, using locked frequency values. The 'let free' solutions give the same results, its effect on the residual spectra is even smaller than the differences between the residuals shown in the three panels in Figures 3-6.
Detection of quintuplet frequencies
The striking feature of all the residual spectra is the appearance of 'secondary' modulation frequency components at kf 0 ± 2f m frequencies. These frequency components are evidently present both in the whole data sets and in the subsamples of the B and V data. The secondary modulation peaks occur in each plot in Figures 3-6 , their appearance is independent from the method how the f 0 , and f m frequencies have been determined and whether the prewhitening has been done simultaneously with all the triplet frequencies or in consecutive steps. Therefore, we conclude that the kf 0 ± 2f m frequency components are unambiguously inherent to the data, and they are not the manifestation of any defect (e.g., period change) of the data and/or the analysis.
The actual positions of the quintuplet components in 'let free' solutions match their exact equidistant positions within 0.00002 − 0.001 cycle day −1 without any systematic behavior. E.g., the displacement of the 2f 0 − 2f m component is 0.00032 in the B2 data if a complete 'let free' solution is applied with unlocked frequencies of all the triplet and quintuplet components, the exact position of this frequency component is displaced by −0.0005 for the V 2 data prewhitened with the triplet frequency solution of Table 3 and its displacement is 0.00007 if the data set is prewhitened using frequencies listed in Table 2 .
The bottom panels in Figures 3-6 show the residual spectra in the vicinity of the pulsation frequency components prewhitened with the kf 0 ± 2f m frequency components as well.
In the left panels, f 0 and f m have been recalculated assuming quintuplet frequency pattern, and altogether 13 pulsation and 29 modulation frequencies are simultaneously removed. In the middle panels data are prewhitened first with the pulsation, then with the 'first order' (kf 0 ± f m ) modulation, and finally with the 'second order' (kf 0 ± 2f m ) modulation components. Frequencies are those defined in method b. In the right panels the same frequencies are used as in the middle panels but, again, all the frequencies of the quintuplets are simultaneously fitted and removed. The amplitudes in the residual spectra are smaller than 0.008 mag and 0.012 mag for the V and B light curves, respectively, without any further common frequency component in each of the residuals. Figure 7 shows the residual spectrum of the V 2 data set in the 0 − 10 cycle day −1 frequency domain. In this spectrum there is no frequency peak which would simultaneously appear in the residuals of the other data sets.
It is important to note that the residuals in the a, b, and c cases are not identical due to the procedures applied and the small differences in the frequencies used. The residuals are the smallest when the pulsation and modulation frequencies are simultaneously fitted and removed (methods a and c). If the prewhitening is performed in consecutive steps (method b), the residual is larger, especially in the close vicinity of the pulsation frequencies. These residuals arise from the incorrect shape of the removed mean pulsation light curve due to biases in data sampling (e.g., the mean light curve has smaller amplitude than the real one if the small amplitude phase of the modulation is oversampled in the data). This experience warns that if the modulation has commensurable amplitude to the amplitude of the pulsation, then the best light curve solution can be yielded when the pulsation and modulation frequencies are simultaneously fitted, instead of removing first the mean pulsation light curve and then fitting the modulation components to the residual light curve.
As the B1 and V 1 data sets are somewhat affected by the period changes the Fourier decompositions of the B2 and V 2 subsets give amplitudes and phases more reliably. Table  3 lists the amplitudes and phases of the detected frequencies of the B2 and V 2 data sets assuming equidistant quintuplet frequency solutions. The f 0 , f m frequencies are the averages of the frequencies which give the best fit to the B2, V 2 light curves with the quintuplet frequencies involving 42 components (kf 0 , k = 1...13; kf 0 ± f m , k = 1...11; kf 0 ± 2f m , k = 1...3; f m ). The differences between the frequencies defined for the two data sets are 0.000003 and 0.00001 for f 0 , and f m , respectively. The results show agreement well within the different error estimates of the frequencies given in Tables 2 and 3 . The residual scatter of the B2, V 2 data are 0.030 and 0.023 mag, significantly smaller than the 0.060 and 0.038 mag rms that was given in Kovács (1995) .
The analysis of the completed and corrected Konkoly data supplemented with Preston & Spinrad's observations of RV UMa led to the first definite detection of equidistant quintuplet structure in the frequency spectrum of a Blazhko star. For this result both data sets are crucial, the quintuplet frequencies are not evident if any of the observations are analyzed separately. Kovács (1995) did not find any frequency component kf 0 ± jf m , j > 1 in RV UMa, most probably because of the errors in the data sets he analyzed. All the previous studies of other field Blazhko variables did not find quintuplet structure around the pulsation frequency components in their frequency spectrum either. Alcock et al. (2003) analyzed 731 Blazhko RRab stars in the LMC but failed to find a quintuplet structure. They gave an upper limit for the amplitude of the f 0 ± 2f m components (if they exist at all) to be less than 0.004 mag. Chadid et al. (1999) were not able to detect unambiguously quintuplet frequency components in the line profile variation of RR Lyrae's spectra. They explained it as "it is very likely that those frequencies have smaller amplitudes than the triplet components, they might not surpass the noise level in the periodograms of most of our frequency analyses". Whilst these studies estimated small amplitudes for the quintuplet frequency components vanishing below the noise level, we find e.g., for the amplitudes of the 2f 0 −2f m and 2f 0 +2f m components in the V 2 data set 0.011 mag and 0.006 mag, respectively. Probably RV UMa is not a unique, peculiar Blazhko variable and the failure to detect quintuplet components in the frequency spectrum of other Blazhko RRab stars is simply due to the larger errors and/or the shorter time coverage of the observations or the smaller number of data in the data sets analyzed.
The modulation frequency
Using extended multicolor photometry of RR Gem and SS Cnc, it was shown in Jurcsik et al. (2006) that the modulation frequency (f m ) has different properties compared to the pulsation and modulation side lobe frequencies. Especially the amplitude ratios of the modulation frequency in different colors were found to be anomalous. This might also be the case in RV UMa. While the mean value of the A B /A V amplitude ratios of the first 9 pulsation components is 1.26 ± 0.10, and it is 1.25 ± 0.06 for the 10 largest amplitude kf 0 ± f m modulation components (the standard deviations correspond to the rms of the amplitude ratios of the frequency components involved), the A B (f m )/A V (f m ) ratio is 1.44. However, as the error of this amplitude ratio (taking into account the strong correlation between the residuals in the B and V data) is estimated to be about 0.1 − 0.2, in RV UMa no definite conclusion about the anomalous behavior of the A B (f m )/A V (f m ) amplitude ratio can be drawn. Jurcsik et al. (2006) interpreted the anomalous behavior of the modulation frequency as the sign that the true physically meaningful frequency component in Blazhko stars is the modulation frequency itself and not the side frequencies. Further multicolor observations of other Blazhko variables are needed to strengthen the anomalous properties of the modulation frequency on a larger sample of Blazhko variables.
Long-term period changes
Studying the long-term changes in the pulsation and modulation properties of Blazhko variables is an important issue that may help in understanding the modulation phenomenon. The recent finding that the modulation of RR Gem has changed from large amplitude phase modulation to amplitude modulation with small amplitude (Sódor et al. 2007) suggests that on longer time scales the properties of the modulation can change significantly. In the case of RV UMa there is no sign of any change in the amplitude of the modulation (Hurta 2007) , however, due to data inhomogeneity it cannot be excluded that smaller changes might occur. The 90 years long observations of RV UMa were collected and temporal pulsation and modulation periods were determined in Hurta (2007) . Detectable changes in the pulsation and modulation periods were observed, the pulsation and modulation periods varied within the period ranges of 0.468062 -0.468068 day and 89.9 -90.6 day, respectively. In Figure 8 the pulsation vs. modulation period values determined for different epochs by Hurta (2007) are plotted. The two periods show anticorrelation with dP Bl /dP 0 =(−8.6±2.9)×10 4 gradient. Between 1946 and 1975 the two period changes had, however, the same sign (these data are shown with larger symbols in Figure 8 ). During this time interval the ratio of the period changes was positive: dP Bl /dP 0 =(4.2 ± 1.1) × 10 5 .
LaCluyzé et al. (2004) list four Blazhko stars with global dP Bl /dP 0 gradients determined from 50 − 100 years long observations. The detailed analysis of the long-term period changes revealed that the mean dP Bl /dP 0 value of RV UMa is significantly smaller than given by LaCluyzé et al. (2004) . The dP Bl /dP 0 value of RW Dra is also revised (Szeidl 2007, private communication) its overall dP Bl /dP 0 value is −3.9 × 10 3 . Now we can say that in all cases when the ratio of the period changes has been determined using long enough observations its value is in the order of 10 3 − 10 5 . Both positive and negative correlation between the period changes can be detected.
Summary
In this paper it is shown for the first time that the true mathematical model of the light curve of a Blazhko star, RV UMa, is a quintuplet instead of a triplet frequency solution. The detection of an equidistant quintuplet structure is of great importance in the explanation of the Blazhko phenomenon. Shibahashi (2000) showed that the light curve of an oblique magnetic pulsator has quintuplet frequency spectrum, while the nonradial resonant mode models (e.g., Van Hoolst et al. 1998; Dziembowski & Cassisi 1999; Nowakowski & Dziembowski 2003; Dziembowski & Mizerski 2004) would fail to explain the existence of the quintuplet frequencies. The lack of the kf 0 ± 2f m frequency components was used previously as an argument against the oblique magnetic pulsator model. Though the detection of the quintuplet favors the oblique rotator explanation, we also have to keep in mind that Chadid et al. (2004) ] of the V 1 data set in the vicinity of the kf 0 (k = 1, 2, 3) pulsation frequency components. Top panels show the spectral window. Middle panels show the residuals after the removal of the pulsation and modulation components (triplet frequency solution). Panels in the left, center, and right show the residuals if prewhitening is done following the a, b and c procedures as described in the text. Bottom panels show the residuals if quintuplet frequencies are removed. Again, the prewhitening follows as described in the text. In the middle panels, independently from the method used to define f 0 and f m and from the prewhitening procedure applied, peaks at kf 0 ± 2f m frequencies appear, which prove the reality of the appearance of quintuplet frequencies in the light curve of RV UMa. The periods were determined using all the available photometric observations in Hurta (2007) . The numbers indicate the succession of the data in time, 1 is for the first observations from the beginning of the XX. century and 7 denotes the latest results from the Hipparcos and NSVS observations. On the average the period changes have the opposite sign, when the pulsation period is longer the modulation period is shorter and vica versa. The dP Bl /dP 0 ratio defined by the period changes is (−8.6 ± 2.9) × 10 4 . Between 1946 and 1975, however, parallel changes of the pulsation and modulation periods were detected. Results for this time interval are denoted by larger symbols. The dP Bl /dP 0 ratio for this period is (4.2 ± 1.1) × 10 5 .
